To ensure the highest quality of Oviductus Ranae products for consumers, an accurate, efficient, scientific and comprehensive evaluation method for assessing the quality of Oviductus Ranae was proposed in this paper. The fingerprint of Oviductus Ranae has been established based on the method of high performance liquid chromatography (HPLC). Oviductus Ranae from different habitats were analyzed by hierarchical cluster analysis (HCA). The HPLC profiles of fourteen batches of Oviductus Ranae showed 33 well-resolved common peaks in each chromatogram. Five of these were assigned to 1-methyl hydantoin, 7-ketocholesterol, 4-cholesten-3-one, cholesterol and stigmasterol. Contents of these five main effective components were determined in the meantime. Based on the HPLC profiles of all the samples, the reference HPLC fingerprint and similarity values were calculated by statistical software (SPSS 19.0). It was found that similarity value of all Oviductus Ranae samples were more than 0.85 and Oviductus Ranae from same habitats had similarity to some degree. In conclusion, the proposed method had good specificity, repeatability, stability and precision, which can provide a reference for the quality evaluation and identification of the medicine origin of Oviductus Ranae. Quantitation of effective components revealed that contents of five effective constituents in Oviductus Ranae obtained from Ji Lin province were the highest, followed by Hei Longjiang province and Liaoning province. The results of HCA showed that samples classified into one group were associated with their habitats. HPLC fingerprint combined with quantitation of main effective compounds and data analysis techniques can be an efficient and useful method for monitoring the quality of Oviductus Ranae.
Oviductus Ranae is dry oviduct of female Rana temporaria chensinensis David which can be obtained by desiccation after collection. According to the 2015 edition of "Chinese Pharmacopoeia", Oviductus Ranae has great effects on nourishing the kidney and strengthening the essence and nourishing Yin and moistening lung [1, 2] . Oviductus Ranae is usually used for deficiency of Yin and debility, mental exhaustion and lack of strength, excessive night sweat and cough and hemoptysis clinically [3, 4] . It is quite popular in the market because of its remarkable effects. Oviductus Ranae has been regarded as one of "new three treasures in northeast of China" [5] .
Nowadays, Oviductus Ranae adulterants are sold and used as quality products in the market which can be attributed to its high medicinal value and economic value, and similarity of appearance between the genuine and the fake as well [6] . Furthermore, Oviductus Ranae is also used as a medicine with its powder form, which makes it more difficult to distinguish the authenticity. Even experts with years of experience find it hard to discern between the true and the false Oviductus Ranae products [7] . Thus, quality assessment of the medicine is an important issue to be solved. A screening of the literature data reveals that there is still an absence of reliable methods for quality control of Oviductus Ranae [8, 9] . Current methods for the quality control of Oviductus Ranae mainly focus on character identification as well as contents determination of single component or two components, which cannot evaluate the quality of Oviductus Ranae comprehensively. Oviductus Ranae has a variety of pharmacological effects or multiple effects due to the complexity and diversity of its chemical composition. Therefore, in the study of quality control of Oviductus Ranae, just choosing a single component as a quality evaluation index is unscientific.
HPLC fingerprint in combination with chemometrics has been regarded as a rational and practical analytical method to evaluate the quality of Puerh Tea [10] , Sambucus Nigra Berries [11] , and Matricaria chamomilla L. [12] . The aim of this study was to develop a rapid, accurate and reliable HPLC procedure for quality evaluation of Oviductus Ranae in the market obtained from different regions.
In this paper, five main effective components of Oviductus Ranae, including 1-methyl hydantoin, 7-ketocholesterol, 4-cholesten-3-one, cholesterol and stigmasterol, were chosen as identified chromatographic peaks by analysis of several components in Oviductus Ranae. 1-Methyl hydantoin is the main active ingredient of Oviductus Ranae, which has good antitussive and antiasthmatic effects [13] . In addition, it is also regarded as reference substance under the identification items of Oviductus Ranae in "Chinese Pharmacopoeia". The content of 1-methyl hydantoin can influence the antitussive and antiasthmatic effects of the medicine directly [14] . Steroidal constituents (7-ketocholesterol, 4-cholesten-3-one, cholesterol and stigmasterol) have pharmacological actions such as nourishing, anti-fatigue and so forth [15, 16] , which are in accordance with the traditional efficacy of Oviductus Ranae [17] . Besides, the contents of steroidal compounds have a direct relationship with the effects of Oviductus Ranae [18] . Accordingly, authenticity and merit of Oviductus Ranae can be embodied in more detail by using these five constituents as reference chromatographic peaks.
Previously, we have established TLC fingerprint analysis method for the quality control and authenticity identification of Oviductus Ranae [19] . In this article, an HPLC method for fingerprint and To confirm the best preparation method of the tested sample solution [20] , different extraction solvent (methanol, dichloromethane, chloroform, water, ethanol, petroleum ether and ethyl acetate), extraction method (cold soak, ultrasonic, reflux), amount of the solvent (30 mL, 40 mL, 50 mL), and extraction time (10 min, 15 min, 20 min) were studied on the basis of HPLC determination results including number of chromatographic peaks, separation, peak area, baseline and so on. Ultimately, the best preparation process was considered as extracting with 40 mL ethanol for 45 min via reflux in a water bath at 80 o C.
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Diode array detector (DAD) [21] was used to investigate the chromatograms of test sample at the detection wavelength between 205 and 365 nm. The results showed that number of chromatographic peaks collected at 230 and 240 nm was less than those of others. In addition, chromatographic peaks had poor separation in the detection wavelength in the range of 205 nm to 210 nm when considering response value and distribution of the peaks. While chromatographic peaks were tended to be uniformly distributed at the detection wavelength of 215 nm and 220 nm. Moreover, most components had good absorption at the detection wavelength of 215 nm and the whole chromatogram was well proportioned with a stable baseline. Based on the above analysis, 215 nm was considered as the detection wavelength. Chromatograms of test sample had characteristics such as more chromatographic peaks, stable baseline, good separation, easy operation and so forth under the above detection wavelength, which can reflect the whole of the components in Oviductus Ranae.
An efficient HPLC method needed to be established to determine the Oviductus Ranae because of complex compositions and large range of polarity of its components. Method of gradient elution was applied in this study since isocratic elution cannot be used to separate constituents with different polarity at the same time. Different mobile phase systems, methanol-0.2% formic acid aqueous solution, methanol-water, acetonitrile-water, methanol-0.2% acetic acid aqueous solution and acetonitrile-0.5% phosphoric acid aqueous solution, had been tried in order to identify the optimum mobile phase system. The chromatogram using acetonitrile-water as mobile phase system had more chromatographic peaks, stable baseline, high response value and good resolution as the results showed. Acetonitrile-water was used as the mobile phase system finally. 100% acetonitrile was used as mobile phase after running for 80 min to confirm the total run time. The chromatogram indicated that there was no peak after running for another 40 min. The collection time was confirmed as 80 min.
In order to obtain the reference HPLC fingerprint, three independent series of alcoholic extracts of fourteen batches of Oviductus Ranae (Table 1) were analyzed by HPLC, respectively. The reference fingerprint ( Figure 1 ) which was produced using mean value method as index displayed over forty peaks in the chromatogram. The majority of those peaks have a high resolution. Thirty three peaks found in the chromatograms in each batch of Oviductus Ranae could be regarded as "common peak", which were observed within 80 min. Chromatographic peaks S4, S29, S30, S31 and S32 in HPLC fingerprint were identified as 1-methyl hydantoin, 7-ketocholesterol, 4-cholesten-3-one, cholesterol and stigmasterol, respectively, by comparison with retention times of standard substances ( Figure 2 ).
Peak 31 (cholesterol) with the higher content and most consistent intensity in all chromatograms, was considered as reference peak to calculate the relative retention time (RRT) and relative peak area (RPA) of each common peak. The average values of RRT and RPA of all Oviductus Ranae samples showed that HPLC profiles were consistent in general, though the numbers of peaks and intensity of some peaks differed in some samples. Six replicate analyses of same batch of Oviductus Ranae sample were carried out on the same day and on three consecutive days to investigate intra-day precision and inter-day precision. The variation of 33 common peaks expressed as relative standard deviation (RSD) of RRT and RPA were not more than 0.98% and 2.99% for the intra-day study and not more than 1.04% and 3.12% for the inter-day study, respectively. The above studies revealed that HPLC measurements used for fingerprint study had a high precision. Oviductus Ranae Dunhua, Jilin 2015 43°20' N, 128°17' E S7 S8 S9 S10 S11 S12 S13 S14 Oviductus Ranae samples were calculated, which were exhibited in Table 2 . And similarity value of the reference fingerprint was set to one. It turned out that similarity values were all in the range of 0.854 to 0.986, which had already met the basic requirements of HPLC fingerprint analysis.
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Contents of five identified peaks (1-methyl hydantoin, 7-ketocholesterol, 4-cholesten-3-one, cholesterol and stigmasterol) in 14 batches of Oviductus Ranae were determined using external standard method on the basis of HPLC fingerprint [22] . Moreover, validation tests [23] were performed to investigate the linear, LODs, LOQs, stability, precision and recovery of the samples. The results indicated that the calibration curves have high linearity with correlation coefficients of more than 0.9991. RSDs of Intra-day and inter-day precisions of the five compounds under investigation were in the range of 0.89 to 1.12% and 0.94 to 1.82%, respectively. For stability test, RSDs of all the compounds to be quantified were lower than 1.59%. The methodology validation results (precision, LODs, LOQs. Etc.) of these five standard substances were shown in Table 4 . In Conclusion, the HPLC procedure equipped with DAD detector was of good precision, accuracy stability and sensitivity for simultaneous quantitation of five effective components in Oviductus Ranae samples.
The determination results of five effective components (1-methyl hydantoin, 7-ketocholesterol, 4-cholesten-3-one, cholesterol and stigmasterol) in Oviductus Ranae were summarized in Table 3 . These results showed that the content ranges of 1-methyl hydantoin, 1498 Natural Product Communications Vol. 12 (9) 2017 Wang et al.
the highest, followed by Hei Longjiang Province and Liaoning Province. Contents of Hebei province were found to be the lowest. Moreover, contents of these constituents in Oviductus Ranae collected from various places of Ji Lin province differed to each other slightly, which might be affected by their breeding environment. Even determination results of different batches of Oviductus Ranae obtained from the same origin had some minimal differences because individual differences existed in Rana chensinensis. Oviductus Ranae of three provinces in China were regarded as the top grade from ancient times to the present, especially those produced in Jilin province, which was consistent with the analytical results.
The RPA data of 14 batches of Oviductus Ranae medicine were analyzed by statistic software named SPSS 19.0. In addition, HCA was done based on the method of between groups linkage [24] . The similarity degrees of samples were obtained by the way of vectorial angle cosine method as well, which were showed in Figure 4. 14 Batches of the samples were categorized into two groups containing six samples (Group 1, including S11, S12, S4, S6, S14 and S5) and eight samples (Group 2, including S2, S10, S7, S13, S3, S8, S9 and S1). In conclusion, a comprehensive, effective and scientific method based on the HPLC fingerprint, quantitation of five main effective components and chemometrics was developed as an efficient strategy for identification and overall quality evaluation of Oviductus Ranae for the first time. Quality and Merits of Oviductus Ranae obtained from different habitats can be evaluated accurately and rapidly by comparison of similarity value and peak area with those of reference Oviductus Ranae collected from Hua Dian which was of best quality and pesticide effect. Quality of Oviductus Ranae can be better assessed using hierarchical cluster analysis. The proposed method can reflect the quality differences of the medicine from different origins comprehensively and intuitively and was of strong operability and good repeatability, which can be applied to qualitative identification and quantitative research of Oviductus Ranae medicine as well as provide a foundation for the further study of quality control of Oviductus Ranae. Table 1 .
Instruments:
The KQ-400KDE-type high power digital ultrasonic cleaner (Kunshan, China), RE-52-99 rotary evaporator (Shanghai, China) and the DZF-6050-type vacuum oven (Shanghai, China)
were used for extraction of the samples and dryness of the extracts. CPA-225D electronic analytical balance (Shanghai, China) was used for weighing the samples and reagents. JSP-100-type high speed multifunctional pulverizer (Zhejiang, China) was used to pulverize the medicine.
Sample preparation: Oviductus Ranae was dried by vacuum oven under the temperature of 50 and was sieved by 40 mesh sieve after crushing. Then Oviductus Ranae sample (about 3.0 g) was accurately weighed and refluxed with 40 mL of ethanol in the water bath at 80 o C for 15 min and then filtered. Subsequently, the sample was extracted for repeat three times and the filtrates were merged. Vacuum distillation was used to remove the solvent. Then, the residue was dissolved with dichloromethane to scale in a 2 mL volumetric flask. The 2 mL volumetric flask was adjusted to scale with methanol again when dichloromethane was evaporated to dryness. The solution (2 mL) was finally filtered through a 0.45μm membrane filter to obtain sample solution to be measured. HPLC analysis: Chromatographic separation was achieved on Agilent 1260 high performance liquid chromatography equipped with DAD detector (G1315B), automatic sampling device (G1329B) and Agilent Chemstation workstation. A venusil MP-C18 column (250mm × 4.6mm, 5μm) was used for chromatographic separation. The UV detection wavelength was 215 nm. The determination was carried out at the column temperature of 30 o C and the injection volume was 5 μL. The gradient elution procedures Quality of Oviductus Ranae Natural Product Communications Vol. 12 (9) 2017 1499 were displayed in Table 5 in detail. The total run time was 80 min and the residence time of gradient was 0.8 min.
Characteristics of validation:
Basic methodology validation characteristics of HPLC procedure applied for quantitation of these five components were assessed. The calibration curves of the five standard substances were constructed using appropriate concentrations for HPLC analysis. The standard curve was drawn with peak area (Y) as the vertical coordinate and the content of the measured substance (X) as horizontal coordinate. The limit of detection (LOD) and limit of quantification (LOQ) for these standards were expressed by 3 fold and 10 fold of the ratio of the signal-to-noise (S/N). Instrumental precision was evaluated by carrying out intra-day and inter-day analysis. Intra-day precision was validated with a methanolic stock solution for HPLC determination for six times a day. Same concentration of the stock solution was analyzed twice a day on three consecutive days to study inter-day precision. Same batch of sample was analyzed every 4 h within 48 h in order to testing the stability.
Statistical analysis:
The reference HPLC fingerprint and similarity values were obtained and calculated by professional software named Similarity Evaluation System for chromatographic finger-print of TCMs (Version 2004 A) recommended by the SFDA of China for evaluating similarities of chromatographic profiles of TCMs. HCA of different samples was performed using SPSS software as well.
